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. Isolation of 6xHis-RsAgo from R. sphaeroides strain 25, Related to Figure 1 . Small RNAs were cloned from total RNA of 13-30 nt size range (reads shorter than 15 nt were discarded from the analysis) from strain 25 without the expression plasmid and with a vectoronly control or an RsAgo-containing plasmid. Small RNAs that mapped to chromosomes or plasmid are plotted as a fraction of raw read number (A) and read numbers normalized to chromosome length (B). Sequences mapping to the RsAgo ORF are annotated as plasmidspecific. (D) Correlation between the amount of long and small RNA mapping to R. sphaeroides genes. The long RNA-Seq library was prepared from the same starting material as the library shown in Fig. 3D (strain 25 with pSRKKm-RsAgo plasmid), however rRNA depletion was omitted. Each dot represents a gene encoded in the genome or on the expression plasmid. Note the drastic depletion of rRNA genes in the small RNA population. The protocol requires the presence of 5'P and 3'OH residues in the small DNA. Ligations of 5' and 3' adapters were done using T4 DNA ligase: nicks to be sealed were created by "bridge" adapters that link the small DNA and adapters. Bridges anneal on any sequence because they contain six randomized nucleotide residues on their ends (5' or 3' depending on the bridge). All bridges were blocked on both ends to prevent their self-ligation. The 5' linker contains a 5'OH group so that it can be ligated only at its 3' end. The 3' linker contains a 5' phosphate and a 3'ddC to prevent 3' ligation. (B) 3' ligation of 5'-[32P]-labeled mixture of 20 different 20 nt DNA oligonucleotides using the method described in panel A. The reaction was incubated for 1 hour at room temperature under standard conditions (see Materials and methods) and resolved on a 15% PAGE. Only a small fraction of DNA oligonucleotides remains unligated. (C) Simultaneous 3' and 5' ligation of 5'-[32P]-labeled small DNA isolated from the RsAgo complex using the strategy shown in panel A. Most of the small DNA is ligated on both ends giving rise to a ~77 nt band (runs like the 70nt band of the single strand RNA ladder). A small fraction of DNA has the adapter ligated at the 3' end exclusively. Re-ligation of this fraction to 5' adapter generates the same ratio of ligated and non-ligated bands (not shown). Reads aligned by the 3' ends show a stronger bias for an adenine residue in position 20 and, unlike reads aligned by the 5' end, also exhibit purine enrichment in position 19, which matches the pyrimidine enrichment in position 2 in the small RNA (Fig. 2B ). This result suggests that the 3' end of small DNA is fixed relative to the 5' end of small RNA and the distance between them equals 3 nucleotides (Fig. 4G ). While the 3' overhang is almost invariably 3 nt long, the length of the 5' DNA overhang is slightly less precise as evidenced by higher correlation of the relative positions of the RNA 5' end and DNA 3' end compared to the RNA 3' end and DNA 5'end (Fig.4E) . Genes are sorted by the ratio of riDNA to diRNA reads. Small DNA, but not small RNA reads are normalized to copy number in the genome. Shown are fold enrichment (positive values) or depletion (negative values) of riDNA to diRNA normalized to the mean riDNA/diRNA ratio for all genes. A similar analysis without normalization to DNA copy number is shown in Fig. 4H . The frequencies of six different gene classes (single and multi-copy host genes, single-and multi-copy genes of unknown origin and phage-and transposon-related genes) were analyzed among the 100 most DNA-rich genes, the next 100 genes and the rest (3395 genes). (D) The ratio of riDNA to diRNA for different gene classes. Shown are box plots of riDNA to diRNA ratios for the same gene classes as on panel A. Number of genes in each class is shown above the plot. The box represents the 25th, 50th (the inner line) and the 75th percentiles of the distribution; whiskers are at the 5th and 95th percentile. The mean of the ratio of riDNA to diRNA was calculated for each gene class and normalized by that of host single-copy genes. DNA read numbers divided by the number of genome mappings (copy number) were used. Growth dynamics (OD 600) of wild-type and RsAgo mutant cells in Minimal Sistrom`s Medium A with pH7 and 9. For each condition, four wells containing 250µl of medium were inoculated with equal number of cells and incubated with constant shaking at 30C for 72 hours. Measurement was performed every 2.5 hours. Shown are mean OD 600 values +/-SD. Similarly, these cultures showed only minimal differences in other media (not shown). (E) Transcriptome profiles of wildtype and RsAgo mutant cells. For each gene the normalized mean read number (RPM) is plotted on the X-axis and the fold-change in expression between the wild-type and the mutant is plotted on the Y-axis. The only gene that shows statistically significant change in expression in the mutant as determined by DESeq is Kanamycin, which is absent from the wild-type genome (marked in red). 
Experimental Procedures

Bacterial strains
Rhodobacter sphaeroides strains ATCC17025 and ATCC17029 were kindly provided by Timothy Donohue (University of Wisconsin-Madison). Cells were grown on Sistrom's minimal medium A at 30C under aerobic conditions. Kanamycin was used at concentration 25 µg/ml for R. sphaeroides and 25 µg/ml for E. coli BL21(DE3), Tetracyclin at 1 µg/ml for R. sphaeroides.
RsAgo expression and purification in R. sphaeroides
N-6xHis-tagged ORF of RsAgo (rsph17025_3694) was amplified from genomic DNA of strain ATCC17025 (primers 1 and 2, see supplementary table 2 for all primer sequences) and cloned between the NdeI and KpnI sites of the pSRKKm broad-host-range expression vector (Khan et al., 2008) . This plasmid was mobilized into R. sphaeroides by biparental mating with E. coli BW29427.
Counter selection of donor cells was achieved by omitting diaminopimelic acid (DAP) from the medium, which is required for growth of this strain. Protein was isolated by 6xHis-tag using Talon beads (Clontech) from 1L of culture induced by 1mM IPTG at OD 1-2 for 5 to 10 hours under aerobic conditions. After induction cells were pelleted, washed with ice-cold PBS and frozen, then resuspended in 5ml of buffer A (50mM phosphate buffer, 300 mM NaCl, 5mM imidazole, pH 7.4) per 1 gram of cell pellet and disrupted on a French press at 20000 psi (two passes), clarified by centrifugation for 20min at 30,000 g and applied to the column. Resin was washed with 15 volumes of buffer A followed by 5 volumes of 50 mM Tris-HCl, 300 mM NaCl, pH 7.4. The protein was eluted with 50mM Tris-HCl, 300 mM NaCl, 300mM imidazole, pH 7.4.
Generation of RsAgo mutant strain ATCC17025
To create the mutagenesis vector a 1 kb homology arm corresponding to the genomic sequence pRSPA01:596308-597307 was amplified (using primers 3 and 4) and used in overlapping PCR (primers 3 and 6) with the omega transcription termination cassette amplified from vector pHP45-omega (Prentki and Krisch, 1984) . The final PCR product was digested with BamHI and PstI and cloned into the suicide vector pK18mobsacB (Schafer et al., 1994) . The mutagenesis vector was mobilized into R. sphaeroides and recombinants were selected on Kanamycin. Successful integration was verified with primer pairs 7-8 and 9-10 as shown on 
Plasmid expression in wild-type and RsAgo mutant strains
For expression of firefly luciferase (Fluc), CDS was amplified with primers 15-16 using vector pGL3(R2.1) (Promega) as a template, digested with NdeI and NheI and cloned into the corresponding sites of the shuttle vector pSRKTc (Khan et al., 2008) . For firefly luciferase measurement wild-type or RsAgo mutant cells containing pSRKTc-Fluc were induced with 1mM
IPTG for ~12 hours, equal number of cells (~1ml of culture at OD600=0.3) were pelleted and resuspended in passive lysis buffer (Promega) supplemented with 3 mg/ml of lysozyme (Sigma) and incubated for 15 min at room temperature. 40µl of lysate was mixed with equal volume of firefly luciferase substrate (Promega) and immediately measured for 10 seconds in a luminometer.
Cells not induced with IPTG served as a control. Each measurement was performed three times for three independent experiments. For firefly luciferase and lacI mRNA RT-qPCR, RNA was extracted from the same cultures that were used in the luciferase assay and qPCR was performed using primers [17] [18] [19] [20] , 21-22 (lacI) and primers to control genes 13-14 (rpsD), 23-24
(rplE), 25-26 (rsph17025_2888). For plasmid copy number comparison qPCR was performed using equal number of cells (same cultures that were used in the luciferase assay) using primers specific to pSRKTc-Fluc (17-18,19-20, 27-28, 29-30) and primers specific to genomic DNA (31-32, 33-34, 35-36, 37-38) .
RsAgo expression in E. coli
For expression of RsAgo in E. coli vector pSRKKm-RsAgo was used. To achieve high level of 
Small isolation and sequencing
Small RNA and DNA species were extracted from purified RsAgo complex using using proteinase K treatment followed by neutral phenol:chloroform extraction. Samples were dephosporylated using calf intestine phosphatase, phosphorylated in the presence of [γ-32 P]ATP by T4 polynucleotide kinase and differentially treated with DNase I or RNase A, respectively. Cloning of small RNA was done according to published protocols (Brennecke et al., 2007; Lau et al., 2001) using linkers and primers from the Illumina TrueSeq Small RNA Sample Prep kit. Efficiency of 3`
ligations was very similar to that seen for Drosophila miRNA and piRNA, suggesting that majority of 
Long RNA sequencing and analysis
For regular RNA sequencing samples were processed according to the Illumina TrueSeq RNA prep kit. rRNA depletion was performed using the RiboZERO gram-negative bacterial rRNA depletion kit (EpiBio). To profile the transcriptomes of wild-type and RsAgo mutant strain 25, duplicate RNA-Seq libraries were prepared from rRNA-depleted RNA isolated from two independent experiments. The differential expression was analyzed using DESeq (Anders and Huber, 2010) via R statistical environment. Dispersion was modeled using the estimateDispersion function of DESeq library with fitType parameter set as 'parametric', method as 'blind' and sharing mode as 'fit-only'. rRNA genes and genes that had zero read counts in any of the libraries were excluded from the analysis. Genes were considered to be differentially expressed if the multiple testing adjusted p-value was below 0.2.
Small DNA library preparation
Our approach to cloning the small DNA library and oligonucleotide sequences is shown in Fig. S3 .
To block bridge oligonucleotides (to prevent interference with ligation of small DNA) we used the 5' amino modifier C6 and the 3' amino modifier from Integrated DNA Technologies (IDT). The 3' linker was 5' phosphorylated and blocked on the 3' end by dideoxy cytidine (IDT). The 5' linker contained a hydroxyl group on both 5' and 3' ends. A simultaneous 5' and 3' linker ligation reaction was performed in 15 µl volume and contained varying amounts of small DNA, 100 pmoles of each linker and bridge oligonulceotides, 5% PEG8000, 1x T4 DNA ligase buffer (50 mM Tris-HCl, 10 mM MgCl2,1 mM ATP, 10 mM DTT, pH 7.5) and 1 µl of T4 DNA ligase (NEB, 400,000 units/ml). The reaction was incubated at room temperature for 1 to 10 hours without significant increase in efficiency (~90%) after one hour, as seen from shifts of 5`-32 P labeled small DNA. This indicates that the majority of RsAgo-associated small DNA have 3` hydroxyl group, however does not allow us to make conclusions about the nature of 5` end. We found that pre-annealing of bridge oligonucleotides to linkers did not increase efficiency of cloning. Also, simultaneous ligation of 3'
and 5' adapters was as efficient as consecutive ligations. Further library amplification was performed essentially as described for the small RNA libraries with the exception of omitting the reverse transcription step. Adapters shown in Figure S3 are compatible with the Illumina TrueSeq small RNA prep kit; Illumina primers were used to create indexed libraries.
Small RNA and DNA sequence analysis
For analysis of small RNA and DNA sequencing data, low quality reads were removed, adapter sequence clipped, sequences shorter than 15 nt were discarded. Mapping to the R. sphaeroides genome and pSRKKm plasmid was done using Bowtie (Langmead et al., 2009) ; only perfect matches were considered for further analysis. Annotations of the R. sphaeroides genome were taken from microbiological sequencing data repository http://www.microbesonline.org/. To separate genes into six classes (single and multi-copy host genes, single-and multi-copy genes of unknown origin and phage-and transposon-related genes) we analyzed all available gene annotations: gene description, COG, TIGR, GO and EC. A gene was classified as phage-or transposon-related if words 'phage' and 'transposase' were present in the annotation, respectively. Genes without clear annotation but with homology to genes classified in the first step were annotated accordingly. A few genes were classified as 'phage' even though they did not have clear annotation because they were located between two other phage genes. Other genes were classified as 'gene of unknown origin' if no available annotations or compelling contextual clues were found. A gene was classified as multi-copy if more than 30% of the small RNA and small DNA reads that mapped to it could also be mapped to other positions in the genome.
For sequence analysis of small RNA and DNA we used the small RNA dashboard server (Olson et al., 2008) and Galaxy tools (Blankenberg et al., 2010) .
Analysis of the distances between ends of small RNA and DNA
To analyze correlations between specific ends (5' or 3') of the reads we asked how likely it is that one specific end (5' or 3') of one molecule (small RNA or small DNA) is at a particular distance from another molecule. For each read, we constructed pairs from all reads that mapped within a 31 nt window (-15 to +15 relative to the end of the read). Each pair was defined by the distance between the ends (pair-distance) and the abundances (read-counts) of the two reads. The product of the read-counts in a pair is the contribution to the correlation measure at the pair-distance. To make this a probability, this measure was divided by the total number of reads within the window.
The sum over all reads of the contributions for each pair-distance gives a correlation function that is defined from -15 to +15 (the width of the window). In order to have an overall normalization, the function was divided by the sum of all reads that map to the chromosome.
